LIFE SCIENCES
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seope when compared to any
proviows. human spacefhght program
The Mercury program was -.J-:'H:l_!n'ur'-.l
|'_'-rrr|.,|'r||l. to demonstrate the feasibili-
ty of human spaceflight, and succes-
sive efforts have progressiy ely
-:_'-1|_1._:|||L.1,'|.! pur undersl anding I.II
human respanse fo spaceilight.
Health maintenance and medical
care will be ¢rucial to the Space
E'».|_'-||,:-|i||iq\||'| Initiative. Missions o the
Moon and Mars will |"'l-:|"'||‘=-'u." CHEla
members to reduced gravity and o
radiation, both poten |.I..!|[|.'|.' harmiful.
Human factors |._|:-|'|=~|-.1|'1.'|I|-.l|'|=u are
important for crew selection, interper-
somnal relationships, and human-
imachime inlerfaces. These and other
factors st be peflected in the design
of space vehicles and missions for
human exploraton.

Spaceflight Deconditioning

The experience from both the US.
and Soviel programs has shown Ehat
zero gravity has profound and varied
efferts on human physiclogy, result-

img in a brond ranae of responses that
vary in hature according (o the dura-
ton of exposure and use of counter-
mezasures. This process of adaptive
responses, termied “spaceflizht decon
ditioning,” can compromise mission
objectives if not appropriately man-
aged. The key physiological systems
affected by extended exposure
iclede

The Cardiovascular System: This
system undergoes a complex adapta-
tion which includes both functional
and structural changes. 'rimary
operational concerns involve low
blood pressure and abrormal heart
chythom

The Musculoskeletal System: Bones
and muscles lose mass in space. Bome
Lorss alse results in an incressed risk of
kidney stones and an increased risk of
fracture in flight as well as post-tlight.

The Newrological System: The neu-
rological system undergoes an adap
taticn which results in a mumber of
concerns. Space motion sickness can
occur early in flight and can be a
p1'u:'.|'l|:'-rr. untl thi Ity .1.,1.'.r|r'-: £y ST
gravity

The Hematelogical, Immpmological
il Enidoering .q_l;\ifﬂ"!i.' Anermia ancd
ummnune system dyvshunchon need o
be studied further to understand the
longr term miedical implications. The
human endocrine system, affectod i
a multitude of wavs which could
impact crew health, requires further
'\1'|'Il-c‘|l|'

Extended exposune o seno graviky
results in profound changes in human
physiology, This must be understoosd
im order bo 111|,|J1r:,- the course of
5F,1.¢I|,,'\_"'|.IIHI"‘:| |_i|_1._x|rldll_|1_|||i1'|!_'_ and el
ther delivery of midical care in space,
simees ke mwsdical care decisions ane
ofen based on changes in underlying
physiological indices.

Another concern is the effect of
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already deconditioned by exposune i
zero gravity. The crow must have
adequate physiological reserve to per-
i assigrned duties.

The effects of decomditioning from
extended stays on planctary surfwes
al=o needs o be better undersbood o
determine if there are any adverse
cifects on cmew performance |,||,|r|||;.;
long, missions

Space Radiation

The Space Exploration Inifisbve pro-
gram requires understanding and
management of space radiation haz
ards. A |11|,:'|;'i|,'|1-.c'1'|'li11'|:'|'r1,' radiation
issues research program mvolving
solar physics, nudear physics, radio-
bicdomy, and probability risk assess
ment will have a magr mfluence on
spacecraft design, habitats and mis-
sion planning., Such a program
should be able to gu ilitativelv and
quantlitatively determime the energy,
particle type, and reachion mex hansm
dependoncies necessary for biological
and mechanical space radiation risk
assessment. CGenerabion of additional
physics data characterizing galactic
coemic radinton, <olar 31.||'|u"||'- ovenifs,
and solar dvnamics will enable the
development of reliable predictive
mosdeds of the radiation environment.

Lncertainmties in these radiation
ellects on cells, h=sue and amall OrgEAn-
isms could be reduced by simula-
tions using the Bevalac at the
Berkeley Radiation Laboratory or
the Brookhaven Booster Facility.
Radiation shiclding requirements
shimald be eatablished with an inter-
AECTICY pffoirt batwean NASA . the
L]n._'-|_'-._'||l_r| ent of Energv, and the
Department of Defense. Ground and
space-based facilities and programs
st be skarted nowe bo be in |:‘l|:'|i.‘l." ami
[l ¥ ap werabional by 1995, An
'1-:|~\.||||:]-. | EROIar vd based simulation
ProgEram w |]] be used as a hasis for
radiation environment and shiclding
medels; however, space experiments
weill be needed for validatiom

Medical Care

Within the U5 SpACE program,
-_-_f'.[]'_p_hl micdical illness has resulted
only in minor mission impacts, In
contrast, the Soviel space program,
where missions ane often lengthy, has
beon impacted by inflight medical
contingencies. Their contingencies
resulted im etther a mission abort o
|""|.'||1-1n--' on geveral occasions.
W hile |_'-r|_'|.:lh;'|1 g the likelihood of
miedlical illness or imjury inflight is dif-
ficult, it i reasonable B0 assume that
medical confingencies will probably
occur in thae course of an ambilious
and sustained exploration program.

Thi objective of inflight medical
care is ome of sk management, Crew
health can be affectesd by a number of
factors,

Given that crew illness or injury
has thes ]1|'-h-|||:;..'.|. o L pact muission
obpctives and crew Jl'lﬂ.ld-\.ll'- |.l'~_. an
adequate medical care capability
showld be provided for all phases of
i .;_--..,-|1,.|_.|,|;|.,||| progra. 'q“_-:-mrf.lt-:'r
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based mwsdical and compact diagmos-
tic systems, extended life pharmaceu-
Licals, blood substitutes (or freeze-
dried Bhwsd) are needed for the Mars

TSI TES,

Life Support Systems

rl::lﬂ-l.‘l“l.'l'i:l‘lﬂ |:1'|'II-I.":I'.H":II:1TI'\G 'iI'L "i-FI-l'H'I_"
respuires that provisions be made for
profecting people from ite hostile
environment, Human physiology
possesses @ remarkable degree of
adaptability, but humans can only
survive in an environment charscter-
izedd by rather narrow thermal and
afrm_w.p]wrir limits. The materials
needed Lo sustain life can either be
brought from Earth or, with the right
technology, created in place from
wastes or i sibo resources. | his
traceofl between logistical resupply,
regeneration and manufacturing is
embuodsed by the concept of loop cho-
s

LIS space programs o date have
emploved open loop system design,
1.".'I+I'I Ll TEU=E I.:lf wAsbe EJIHI’.]IJI:"'H-.
b= aree slored foe relurm B FEartlh
or are venbed overboard from the
spacectaft. Imitlal efforts at partial
water oop closure have been under-
taken on the Soviel Mir station.
However, further work on the type of
closed loop systems critical to the suc-
cess of the Initiative needs to be
accomplished. Creation of closed
loop life support svstems based on
regenerabion of waste products repre-
sents a radical departure from the
exiSting Cxperienoe.

The cost of resupplying open loop
life support systems for the conduct
ol extended duration missions or
operations away from the support
syatems of Earth may lead o closed
l::u:rp life support systems becoming a
requirement. In order to limit the
requirement for life support comsuam-
ables, certain components of the
wasle stream must be recycled.

Th: hasic subsystem unctions ra-
ditionally included in life support

include the following;

¢ Temperature and humidity
conkre

¢ Atmosphen: control and
'-Gl,lrl'F!-I!,l'

o Atmosphere revitalization

¢ Water roclamation and
mnagement

*  Waste processing

*  Fire detection and suppres-

51001

lhese activibies torm the basis of
the Environmental Control and Life
Support System. Other life support
functions which must be addressed
include: foud supplies, system control,
and bocal resource utilization,

The 4,1Hi.ﬂ'.r| of the Environmental
Control and Life Support Svstem s
interrelated with a number of key
operational considerations. Most
important of these is the selechon of
the atmosphenc parameters for explo-
ration spacecralt and habitals. The
selection of a hypobaric, normaoxic
atmosphere, such as utilized for
Skvlab (5 psi total pressure with an
.1ppm:s|m.1lv J030% milxiune of oxy-
gen and nitrogen, respectively),
allowws thee Wfﬁpulﬂdk'ﬂnrdﬂr of con-
LhJL‘l:iIIH exlpavehicular achivilics willy
mimimal prebreathing. Another hene-
fit of a lower operating pressure is
recluced leakage rates.

The main drawback outside of
unknown, long term physiological
cffects, is reduced cooling and heat
dissipation. While a reduced pres-
sure, oxvgen-enriched atmosphere
results in comcenitrations of oxygen
which are equivalent to sea level
atmosphere, the body is subject te a



total pressure which is approcimately
ome-thitd of that on Earth. Although
the Skylab missions have demonstrat
ed the [easibility of working in
reduced pressure for up to B4 days, a
number of physiological changes
have been documented,

The physiological effects of living
in hypobaric envirommaents B
1"'I-Zh.'|1|.|-'|'|.| periods of time are nol
Emomam at present: Whale they diov fusl
appear to result in any gross disrup-
tion of physiological processes, the
lomg torm effects and the intecaction
wilh the effects of zemo gravity expor-
sure mieed to be characterized. The
etfects of extended hypobaric expo-
sure should be studied as a compo
pent of a ground-based nesearch pro-
gram. Specialized facilitics such as
altitude chambers will be wtilized for
this rescarch

The ;ie-.--.:]:_'uF\-rnl:nr of hife support
systems with high efficiency and
reliability represents the area of
grealest technical emphasis in the
life sciences area. A developmental
progeram should focus on both sub-
systern and 'in'."t-li;r.l.hu] systeam tech-
nologies, as well as a core research
program to evaluate applicable physi-
cal-chemical prooesses,

Human Factors

Humian factors address the sues mel-
evant b lrman interface with a vari-
ety of svstems. In the past two
derades, there has been an increasing
awarrness of the value of human fac-
lors im tha III.""|;|:|'|. of work efviron-
ments. The missions proposed in the
exploration program would oxpose
crew mesmbers fooa uniguee combina-
bion of stresses and hazands for long,
|_‘\';|'|_u,|,~. of limwe. Elffective nbegy alnmn
of human factors considerations imito
rmisssn o =i remuilts in Bwo pr‘imnrl.'
accomplishments: a) the human
would be phvsically and mentally
abbe to i thee tasks outlimed, and b

all the systems, equipment, space
crall, rovers, vehicles, lools, elbc., will
be designed so the tasks can be effi-
ciently acoomplished

Specific human factors issucs
inclede

=  Hahitat design, including
usalble volume and space
alloscation

»  Human-machine imterfaces

= Paychological and psychosoe
cial considerations, such as
crew selection, small group
dyvnamics, provision for
recreation and optimal crew
size and mix

s  Environmental and physical

considerations such as light
img and ventilption
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Conclusions

Cumulative experience from both the

L5, and Sowicl space programs has

resulted in an initial characterization

of the human response Lo spaceflight.

Exploration missions present nunmer-

ous challenges relative to previouns
s,

Space Station Freedom can repre-
sent the transition within the LS.
space cffort to a sustained presence in
low Earth orbil. Planning for explo-
ration missions has identitied a t.|!t:|a-;.1:'-
station as the primary zere gravity
platform for conducting life sciences
investigalions., This orbital test bed
would provide first generation capa-
hilitics, particularly spacetlight decom-
ditioning countermeasunes, the devel-
opment of medical procedures and
tacilities, and the development of
closed life support systems, The

af the Advisory Comrnitbes on
the Future of the U5, Space Program
recommended that “the justifying
ohjectives of Space Station Freedom
should be reduced to twor prunanly
life sciences, and :aecum]an.{' ¥ micro-
gravity experimentation.” If this nec-
ommendation is implemented, then
the space station would be utilized to
risolve the life scence issues critical
toa Mars mission, Howvsever, progeram
reviews in the past two vears have
resulted in restructuring and delaying
the space station. These programmit-
ic changes call into cueestion the avail-
ability of life scence data in a bmely
MEANET,

hfissions to the Moon can be initi-
ated without resolving many of the
lifie science questions that must be
resslved for the Mare mission. All of
the architectures recuire Iunar activity
T fo 'ini'l'ial'mE F] ].'.l:ill1|:-l.-'|'_:| Mlars mis-
sion. [ is therefore logical b consicer
the concept of utilizing the Moon as a

preparatory environment for a Mars
mission ko integrate a number of key
life scienoe and operational reguire-
ments, There 5 a compelling argu-
ment for the deplovment of a first-
generation Mars transfer vehicle

[crow compartment) in lunar orbit,
This zero gravity test bed would
allow development and validation of
kew life support technologies and
|1IJI'I'!|\',!I'I :I:m:hur:.' di.'!'ﬁ'iﬁfl. |11'Il.'.| 'H'I_'H.Ild
function as a platform for conducting
essential biomedical investigations
into spaceflight deconditioning,
Additional rationales for a Mars
tramsfer velicke in lunar orbit inclede
validation of radiation shielding pro-
visions developed for Mars excur-
sions and conduct of radicbiological
experiments to refine dose-cffect
rmcxlels,

The s oof the Mars ransfer vehi-
cle, in conjunction with a surface
emplacement on the Moon, would
Al mission-critscal studies o thee
physislogical effects of fractional
Earth-normal gravitational exposures
following extended zero gravity
h.l:d\l‘- Thus -|'||'l'l_||.-‘-1."|:|.1E can bea .:‘l-:.l.‘:lln-
I.:]:-.ht:d with a hlhl'l -le,-hmi.‘ ol T
tional fidelity on the Moon, and the
ready acvess to zero gravity or frac-
tional gravity would permit a rapad
accumulation of data. Simulabions of
Mars gravity on the lunar surface,
using a weighted spacesuit, would
allow refinement of gravity-response
CUTVES,

The Mars transfer vehicle would
have a number of other key missions
i addition o life science activities,
including simulations of Mars mis-
sions complete with excursions to the
Martian (lunar) surface and return,
the use of an orbital platform for
lunmar or astronomical ohservations,
amd as a test bed for odher essential
Mars transfer vehicle subsystem
development.

This approach, which integrates
several kev life science requirements
with other exploration objeclives,
should take advantage of existing
assets, specifically the Shuttle and the
Soviet Mir space station, to initiate
an sarly start on key lite science
issues. The Shuttle is an ideal plat-
form for developing and testing zero
gravity countermeasures and validat-
ing life support system hardware, An



agpressive ground-based research
effort will he a critical element. lever-
aging the effectiveness of inflight
'||'.'|'-uI|1'_.11||r1'|-.

The recent increase in _||.lil1.l L5,
and Soviet cooperation in the life sd-
ences is an encouraging development
For the present, Mir represents the
only extended duration spacecralt in

UFL"E-:"JL"J'I. and access o owvied cresws
for joint medical studics represents a
tremendous windBall that adds 1o the
cxisting knowledge base, This
TesOUrc n_'pn“u'nl.u a |:||11L'|.:.-' sbart oa
keey masdical and phvsiological con-
cermes and should be aggressively pur-
sued
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